This document presents a review of the technological evolution of power generation from residual thermal sources as contemplated by new technologies in ORC (Organic Rankine Cycle) systems, to seek greater efficiencies and lower costs per unit of kw generated. These systems have been improving their thermodynamic performance because of the research regarding the development of their components and the improvements in current applications, since this allows an additional output power generation. The scientific development challenges associated with ORC technology such as workflow, equipment architecture, ORC expanders and applications of these technologies are discussed. It was also found that R245fa is one of the best working fluids in ORC technology because of its low environmental impact but its impact on global warming is still considered an impediment and therefore other alternatives such as the R1233zd are being investigated. Regarding commercial applications of this technology, it was found that there are facilities at a global level that use geothermal energy as a source of heat, followed using residual heat and to a lesser extent biomass.
Introduction
An ORC (Organic Rankine Cycle) system, is a power cycle, like the conventional Rankine cycle of water/steam, except that the working fluid employed is organic in nature, with a high molecular weight (e.g. hydrocarbons such as isopentane, isooctane, toluene, silicone oil, refrigerants, among others) [1] . ORC technology finds among its applications the use of solar energy, geothermal energy of low temperature, energy obtained from biomass and recovery of residual heat [2] . The generation of energy from sources of low calorific power is becoming more widespread in developed countries where energy costs and environmental policies are increasing. The latest scientific research on waste gas recovery systems in internal combustion engines using ORC microcycles is aimed towards the direct use of exhaust gases in diesel engines or in dual cycles in cascade using the gases in the high temperature system and as heat source of low temperature the waste heat of the motor radiator, thus obtaining greater efficiencies of the cycle [3] . Due to the high cost of a micro ORC unit, several studies have been directed to the use of these systems considering this variable, using instead of microturbines, other type of expanders, such as rotors of tilting plates, presenting an excellent performance and decrease of costs [4] . The study of energy systems is directed towards the use of unconventional sources of energy, renewable energies and the management of energy efficiency; in the latter aspect it is a question of improving the processes that consume energy, which exchange it or transform it into another type of energy. Hence, processes of transformation that discard energy or destroy exergy, are a special topic of research, looking for alternatives that take advantage of energy resources of low quality but easy to apply, which is the framework where ORC cycles are developed. In ORC cycles, there are basically four study trends: cycle working fluids, equipment architecture, applications, expanders. These study trends, are the center of technological and scientific development in ORC energy conversion systems.
Working Fluids
For organic Rankine cycles, the working fluid is the most considered feature for the thermodynamic process of power generation. Usually the organic fluids used for ORC systems are industrial refrigerants or pure substances with carbon chains [5] . When designing a system for heat recovery or waste heat utilization, the characteristics of the available sources are presented to be converted into useful energy through a power cycle.
The working fluids make the difference between the conventional Rankine steam cycle with an ORC [5] . These are important for the definition of thermodynamic Technological evolution of ORC systems to produce energy 25 properties, the technical and economic flexibility of a power cycle in a power plant; the selection criteria must meet the system's thermodynamic requirements, compatibility, cost and environmental responsibility [6] . Regarding selection criteria, Duan [7] presented in his research on ORC applications for engine exhaust, that there is a large utility profit for several common refrigerants that would increase the overall energy conversion efficiency of the fuel used. On the other hand, Gou [8] published a study on different working fluids where he concluded that working fluids can demarcate the design of the equipment involved in the cycle (heat exchangers and expanders), other authors have focused on investigating about the thermophysical properties of fluids [9] , others in fluid mixtures to improve cycle performance [10] . The studies developed by several authors conclude that the variety of fluids are located according to the application and expected efficiency for the ORC system, as well as the feasibility of implementation for a high performance experimental plant. Wang [11] concluded in his work, after analyzing a Rankine cycle with water, ammonia, butane, isobutane, R11, R123, R141b, R236ea, R245fa and R113 that the biggest problem, is to find the optimal conditions of pressure and temperature for the different working fluids that are evaluated in a given cycle with respect to a reference and a high temperature focus. Some fluids in ORC machines may perform better, however, the cost of the fluid, handling, safety, and environmental impact may render it unworkable. The efficiency of this cycle, according to Wei [12] , depends heavily on the working fluid used, whose most important factors are the normal boiling temperature, critical pressure, molecular weight, volumetric flow and low cost. Today the environmental footprint has become one of the most important features and although the R245fa has little environmental impact, its impact on global warming is still considered, so we look for alternatives such as the R1233zd, which has shown good performance for the same conditions in an ORC cycle with R245fa, even surpassing it, with some modifications in the equipment, as described by Datla [13] in his study as shown in table 1. 
Equipment Architecture
Basically, an ORC plant has two heat exchangers (an evaporator and a condenser) a pump and an expander. An addition that improves efficiency is the use of preheaters, either with another heat exchanger at the expander outlet or by taking some external fluid with an appreciable thermal capacity [14] . This research is aimed at improving this item to simplify ORC units. In internal combustion engine applications, cascade systems are used with two cycles, one high and one low which take advantage of the engine exhaust gases in the high cycle and high cycle condenser heat for the low and as preheater the engine radiator [15] as shown in Figure 1 which significantly improves efficiency. However, it makes the ORC plant more complex. Depending on the practicality and technical capacity to use and manage operating and maintenance costs, the configuration and systemic form of the cycle in a constructed ORC unit may vary [16] . In general, the variation in equipment configurations or residual heat utilization forms from ORC is very varied, and many researchers still develop configurations to improve the efficiency and cost of an ORC plant.
ORC Expander
The expander is the element that transforms the thermal energy of the fluid into mechanical energy. The simplicity and efficiency of the expander is key to being able to get a plant of low cost, easy operation and maintenance, which can make attractive this type of generation systems. The most common expanders are turbines, which show excellent performance in high temperature applications, however, these are more complex technical, and maintenance are high cost. Hence the production of simpler microturbines and of little complexity are more commonly used in the development of ORC units [17] . Di Battista, Mauriello and Cipollone [18] in their research show the use of a rotary vane type expander, which is basically a rotor of little complexity, easy maintenance and low cost of production and of easy assimilation in the modern industry. Scroll type expander, alike to that used in spiral compressors, are even simpler and very low maintenance, very common in today's industry, with good isentropic efficiency. The researchers George Kosmadakis, Dimitris Manolakos and George Papadakis, [19] use an experimental unit with roll or spiral volute expander obtaining varying results regarding the rotational frequency of the expander, pressure ratios and working temperatures of the ORC unit, but always consolidating efficiencies of 7%, good performance for a test unit in lowtemperature operation.
Spiral-type expanders are more complex to manufacture, and their engineering has great detail, however, a lot of research is currently being done on this type of equipment [20] , achieving important results as explained by Mingshan's technical study [21] . Tilting plate expander is a little more complex than the previous ones, but also with good reliability and efficiency of operation. Researchers J. Galindo et al. [4] , show the performance of this type of expanders under different operating parameters.
The turbine type expanders, also widely used and commercially developed, achieved great success in the ORC industry, with excellent results, are microturbines of the radial type [22] or axial [23] , comparable to the turbochargers of diesel engines.
The screw expanders are simpler than those previously exposed. The research concerning this type of systems is very wide given the ease of construction and versatility. Many researchers establish empirical models for the application in ORC systems [24] , however, since there are different configurations possible to expand by means of screws, defined tests are established according to the application of the ORC system, as it is exposed for the case of the recovery of diesel engine gases the work of Dr. Ye-Qiang Zhang [25] shows a simple expander for ORC system designed by them.
ORC Systems Applications
The organic Rankine cycle can be applied as a power cycle when sources of low calorific power are available. Among the most important applications are:
• Biomass plants: they use combustible organic waste such as vegetation, wood, garbage, manure and any other waste that decomposes in combustible gases, can be burned in a boiler to generate hot gases of low calorific value that can generate energy through a system ORC [26] . • • Geothermal generation: the water contained in the subsoil reaches temperatures up to 300 °C, which can be extracted to transfer that heat to an ORC unit and generate energy. Additionally, extracted water can be used for other domestic or industrial applications, which increases the overall benefits of an integrated ORC project [27] .
• Waste heat from industrial processes: many industrial processes discard heat on a larger or smaller scale which can be used with great success to generate energy with an ORC system [28] . • Solar energy: solar energy can be used to heat through concentrating mirrors, tubes that conduct the working fluid of an ORC system which depending on the size of the thermal installation can generate large powers [29] .
• Internal combustion engines: they are the most used and common thermal machines in the world, due to their great versatility, handling and technical simplicity. However, they discard much of the thermal potential of the fuel in the flue gases; these gases can be used to generate energy.
ORC Systems Commercial update
Power generation from organic Rankine cycle systems has come in growth. There are about 2700MW installed in the world, where the largest application is in geothermal installations with 74% of the market; in waste heat recovery applications the percentage is 14% and biomass applications with heat source account for 11%. Most of the market is dominated by the ORMAT company, in addition to Turboden and Exergy [30] .
At the global level, ORC plants are settling with new large-scale projects such as the Sarulla geothermal plant in Indonesia, where ORMAT has a technological participation [31] , and at Lightning Dock in New Mexico, USA where Turboden increased production of energy in this existing geothermal facility. Depending on the common applications, locations, equipment and elements used, ORC generation plants cost between USD 900 and 2000 per installed KW [32] , bearing in mind that energy policies in some countries can improve the implementation scenario of this technology, regardless of costs.
Conclusions
• Power generation plants from the Rankine organic cycle (ORC), represent an alternative that is gaining acceptance worldwide, particularly in developed countries where the costs of generated kW and environmental charges are increasing. Its versatility allows a wide range of applications and the use of sources of energy considered of low quality, which can significantly help reduce greenhouse gas emissions, as well as provide a solution to the overall cogeneration efficiency of many industrial processes.
• In an organic Rankine cycle the selection of the working fluid is considered fundamental in its thermodynamic performance. This selection is based on fluid costs, handling, safety and environmental protection. The R245fa, one of the most frequently used work fluids for this purpose has a low environmental impact without its impact its impact on global warming should be considered.
• An ORC plant is basically composed of two exchangers, a pump and an expander, however in the literature there are numerous developments of additional systems to increase its efficiency. On the other hand, heat exchange equipment has been studied with the aim of increasing its heat transfer capacity per unit area, thus achieving simplification of the plant design.
• The type of expander of the ORC cycle determines the cost of the plant, in this selection is sought simplicity and efficiency. The turbine is the most widely used expander device, showing excellent thermodynamic performance, however, its costs make it preferable to use simpler devices with easier maintenance. Numerous investigations can be found on these devices, standing out the screw expander because of its ease of construction and its versatility.
• The generation of energy through the ORC technology is being developed all over the world being found that there are about 2700 MW installed and the biggest application is through geothermal energy.
